Background Infectious complications worsen outcome after intracerebral hemorrhage (ICH). We investigated the impact of sex on post-ICH infections and mortality. Methods Consecutive ICH patients (admitted to a single hospital between 1994 and 2015) were retrospectively assessed via chart review to ascertain the following inhospital infections: urinary tract infection (UTI), pneumonia, and sepsis. Adjusted logistic regression was performed to identify associations between sex, infection, and mortality at 90 days. Results Two thousand and four patients were investigated, 1071 (53.7%) males. Men were more likely to develop pneumonia (21.9 vs 15.5% p < 0.001) and sepsis (3.4 vs 1.6%, p = 0.009), whereas women had higher risk of UTI (19.9 vs 11.7% p < 0.001). Multivariate analyses confirmed association between male sex and pneumonia (Odds Ratio (OR) 1.37, 95% confidence interval (CI) 1.08-1.74, p = 0.011). Male sex (OR 1.40; CI 1.07-1.85; p = 0.015) and infection (OR 1.56; CI 1.11-1.85; p = 0.011) were independently associated with higher 90-day mortality. Conclusions Types and rates of infection following ICH differ by sex. Male sex independently increases pneumonia risk, which subsequently increases 90-day mortality. Sexspecific preventive strategies to reduce the risk of these complications may be one strategy to improve ICH outcomes.
Introduction
Intracerebral hemorrhage (ICH) carries a mortality of 40-50% and remains the most fatal form of stroke [1, 2] . Complications of ICH, both related to the hemorrhage itself as well as secondary medical problems, can heavily influence outcome and account for more than one-third of the overall mortality [3, 4] . Among those, infections are common, with pneumonia and urinary tract infection (UTI) affecting 43 and 38% of patients, respectively [5] [6] [7] . The occurrence of these infections is associated with a fourfold increased risk of a poor functional outcome [8, 9] .
Sex is associated with ICH outcome, but the mechanisms underlying this association remain poorly understood [10] . We recently found an association between male sex and hematoma expansion after ICH, but this association does not fully explain the overall excess of mortality in men compared to women [11] . Given prior evidence that sex impacts rates of infectious complications in traumatic brain injury and ischemic stroke [12, 13] , we sought to test the hypothesis that excess ICH mortality in men could be partially explained by an excess in infectious complications. If present, sex-specific infectious risks after ICH could highlight future strategies to deploy interventions aimed at reducing complication risks in patient populations most likely to derive benefit. We used an observational single-centre cohort of ICH subjects, screening for pneumonia, UTI, and sepsis during the acute post-ICH hospitalization. We then explored the relationship between infection risk and sex, as well as the compound associations between infection risk, sex, and 90-day mortality.
Methods Participants
We used data from the Massachusetts General Hospital (MGH) ICH Longitudinal Study, an ongoing single-centre cohort study of patients with primary ICH [14] , censored at a predetermined data freeze in April 2015. Initial criteria for inclusion in this study were: (1) age C18 years and (2) admission to MGH between January 1994 to April 2015 with primary ICH confirmed by neuroimaging. Exclusion criteria included other presumed causes of the hemorrhage, namely traumatic intracranial bleeding, intracranial tumor, aneurysm or other vascular malformation, or hemorrhagic conversion of acute brain infarction. For the present analyses, patients were further excluded in case of missingness of clinical variables, lack of data to include or exclude the presence of infection, and absence of information on mortality at 90 days. All aspects of the study were approved by the institutional review board (IRB). Informed written or verbal consent was obtained by patients or family members or was explicitly waived by the IRB.
Clinical Variables
Dedicated study staff collected demographic and clinical data via structured standardized in-person interview and review of existing medical records. Survival data were obtained via follow-up by phone whenever possible, or updated from hospital records supplemented by the Social Security Death Index. We collected data including sex, age, history of hypertension, diabetes mellitus, and coronary artery disease (CAD), alcohol consumption, smoking, and oral anticoagulant treatment. Prior functional dependence was defined as requiring assistance at least in one instrumental activity of daily living [15] . For the index hospital stay, we collected the following data: Glasgow Coma Scale (GCS) at presentation, intubation, any surgical procedure, length of hospitalization (days), and any limitation of care (defined as presence of ''do-not-resuscitate/ do-not-intubate'' code status or a ''comfort measures only'' order). We also recorded recurrence of primary ICH in the studied period. Finally, participants self-identified race and ethnicity at enrollment, choosing from the options recommended by the Standards for Maintaining, Collecting, and Presenting Federal Data on Race and Ethnicity [16] .
Infectious Complications
The incidence of pneumonia, UTIs, and sepsis during the immediate post-ICH hospital stay was established through a retrospective review of: hospital charts, laboratory and radiological tests, and discharge reports by two investigators (SM, AM). The presence of an infection during the hospital stay was assessed according to previously published criteria [17] [18] [19] . Specifically, pneumonia was diagnosed on the combination of typical clinical presentation with confirmatory chest X-ray changes [17] . A positive urine culture was required for the diagnosis of UTI [18] . Sepsis was diagnosed in the setting of a documented source of infection associated with evidence of acute end organ dysfunction [19] .
Computed Tomography (CT) Image Acquisition and Analysis
Non-contrast computed tomography (NCCT) (performed with an axial technique and 5-mm-thickness slices, 120-140 kVp, 10-500 mA) was reviewed by researchers blinded to all clinical and laboratory variables for presence of intraventricular extension of the hematoma (IVH) and determination of ICH location (deep, lobar, or infratentorial). Hematoma volume was calculated on NCCT images with Analyze Direct 11.0 software, a semi-automated computer-assisted technique, and natural-log transformed to approximate normality [14] .
Statistical Analyses
Age at index ICH, GCS, volume of ICH, and blood pressure values were analyzed as a continuous variable, expressed as median (interquartile range, IQR) or mean (standard deviation, SD) as appropriate, and compared with the Mann-Whitney test. All other variables were analyzed as static categorical variables, expressed as count (%) and compared using the Chi-square test. Multivariate logistic regressions analysis was performed to assess the role of sex as a predictor of infection after ICH. We performed a first regression including established predictors of infection [20, 21] (model 1: sex, intubation, age, ICH location, ICH volume, GCS, IVH), followed by a more comprehensive model including all variables differing in the univariate comparison between male and female (p value < 0.05) and the period of enrollment (model 2: sex, intubation, age, ICH location, ICH volume, GCS, IVH, diabetes, CAD, hypertension, smoking, alcohol, warfarin, prior dependence, expansion, ethnicity, and enrollment epoch).
Similarly, we used multivariate logistic regression to test associations between sex, infections, and 90-day mortality, using known determinants of ICH mortality as covariates (model 3: ICH location, GCS, IVH, age, ICH volume, length of stay, UTI) as well as a larger model including variables differing between patients with and without infection (model 4: model 3 + intubation, surgery). All analyses were performed using the statistical package SPSS version 21, 2012 (www.spss.com). We considered results statistically significant for p values < 0.05.
Results
A total of 2004 patients met the eligibility criteria (median age 75 y/o, 53.4% males). Of 2403 enrolled patients with ICH, 399 were excluded due to lack of information on clinical variables (n = 351) and presence or absence of infection (n = 48). Compared to the cohort studied, patients excluded from the analysis did not differ for age, race, sex, hematoma expansion, or mortality (all p values > 0.10). Table 1 shows differences between sexes: women were older (average 78 vs 72 years), more likely to be functionally dependent prior to their index ICH (p = 0.008) and more likely to suffer from lobar ICH (p < 0.001). Men had a higher burden of CAD, hypertension, diabetes, warfarin exposure, and alcohol and tobacco use. Univariate analysis (Table 1) showed that men were more likely to develop pneumonia and sepsis, whereas women were more likely to develop urinary tract infections. Both multivariable models in logistic regression showed independent association between male sex and risk of pneumonia, after controlling for prespecified covariates (Table 2) .
Impact of Sex on Infections
Multivariable analyses for UTI showed that female sex was independently associated with both models. Male sex was independently associated with sepsis in model 1 but not model 2. Table 3 shows the relationship between infection and 90-day mortality. Given the low impact of UTI on mortality (female excess for 90-day mortality: OR 0.72; 95% CI 0.5-1.04, p = 0.08 [model 3]), we restricted our analysis to pneumonia and sepsis, combined into one infection endpoint. Patients with these infections were more likely to be men, had higher rates of intubation, surgical procedures, IVH, and UTI, as well as a lower GCS (p < 0.001) and longer length of stay (all p < 0.001) (Supplemental: Table I ).
Impact of Infections on Death
Both male sex and infections were independent predictors of mortality at 90 days (Table 3 ) (all variance inflation factors <2.0). To better prove the effect of sex, we run a sex-stratified analysis for factors associated with mortality: males have a higher risk of 90-day mortality whereas female do not (Supplement table II) . Sex-infection interaction analysis was not significant.
Finally, sensitivity analysis including only patients with pneumonia, using model 3, showed comparable results for male sex (OR 1.42; 95% CI 1.08-1.86, p = 0.012) and pneumonia (OR 1.43; 95% CI 1.01-2.02, p = 0.046) as a predictor of death at 90 days.
Discussion
Our study demonstrates a higher risk of pneumonia after ICH among men, independent of known risk factors for infection. Our findings support existing literature for female sex as a risk factor for UTI. Analysis of mortality shows that male sex and infection represent independent risk factors for death at 90 days. Taken together, these data suggest that male sex is a risk factor for pneumonia and sepsis and that these infections may drive the observed excess in 90-day mortality.
Previous literature has identified male sex as a risk factor for the development of pneumonia [12, [22] [23] [24] following stroke, but these studies have primarily focused on ischemic stroke which carries an overall more favorable prognosis. Ji and colleagues [25] recently developed a score to predict hospital-acquired pneumonia after ICH that included male sex, but this study was based exclusively on Asian populations and did not asses the effect of pneumonia or sepsis on mortality.
The present analysis expands observations specifically to ICH, where brain injury-related immunosuppression plays a larger and more unpredictable role in comparison with ischemic stroke [26, 27] . Our results also explicitly link the observed increased risk of pneumonia and sepsis to sex-specific 90-day mortality.
Sex-based differences of the outcome of various infections are well reported, with men showing weaker cellular and humoral immune responses compared to women. Several mechanisms for these observations have been suggested, including X chromosome-related gene expression, influences of sex steroids on the immune system, and sex interactions with behaviors predisposing to susceptibility to infection [28] [29] [30] .
The underlying mechanisms driving the observed differences between men and women are not discernible from [11] , here we provide evidence of its role in a secondary adverse outcome. Both observations highlight the potential promise of sex-specific precision strategies to at least partially mitigate the high overall mortality of ICH.
The strengths of this analysis include our use of a large representative dataset, which allowed us to adjust for potential confounders related to ICH severity. This permitted a more unbiased estimation of mortality effects specifically related to infection. Additionally, linking prospectively collected data at patient enrollment with retrospectively collected data from the electronic health record allowed us to accurately apply criteria for each type of infection in all included patients.
Our study has limitations. First, our observations are derived retrospectively from a single tertiary care referral centre. Our results may therefore be susceptible to selection bias due to severity of disease at presentation. Second, most the patients self-identified as white, leaving us with very limited power to determine whether associations between male sex, infections, and mortality are preserved across other relevant races and ethnicities. Finally, our data are derived from a long recruitment period, with likely baseline changes in ICH management over the time. We controlled for recruitment epoch during our analyses, but unmeasured time-dependent confounds could still exist.
Conclusion
Pneumonia and other infection are common in ICH patients. Sex-based differences seem to affect types and rate of infection complications and subsequently drive differences in the 90-day mortality. Further investigation is needed to confirm our results, but sex-specific interventions to reduce infectious complications may be one strategy to attenuate ICH-related mortality. 
